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The WiFeS S7 AGN survey: Current status and
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Abstract The Siding Spring Southern Seyfert Spectroscopic Snapshot Survey (S7)
is a targeted survey probing the narrow-line regions (NLRs) of a representative sam-
ple of ∼ 140 nearby (z < 0.02) Seyfert galaxies by means of optical integral field
spectroscopy. The survey is based on a homogeneous data set observed using the
Wide Field Spectrograph WiFeS. The data provide a 25× 38 arcsec2 field-of-view
around the galaxy centre at typically ∼ 1.5 arcsec spatial resolution and cover a
wavelength range between ∼ 3400−7100 A˚ at spectral resolutions of ∼ 100 km s−1
and ∼ 50 km s−1 in the blue and red parts, respectively. The survey is primarily de-
signed to study gas excitation and star formation around AGN, with a special focus
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on the shape of the AGN ionising continuum, the interaction between radio jets and
the NLR gas, and the nature of nuclear LINER emission. We provide an overview
of the current status of S7-based results and present new results for NGC 6300.
1 Introduction
S7 is a targeted survey based on optical integral field spectroscopy, providing data
for the central regions of ∼ 140 nearby Seyfert galaxies on ∼ 100 pc scales resolu-
tion [7, 8, 9, 10]. S7 is designed to probe the AGN NLR by means of emission-line
diagnostics and kinematics. The data set is homogeneous and gives access to a wide
wavelength range covering a large number of optical emission lines. Line kinematic
studies are facilitated by the comparatively high spectral resolution of ∼ 50 km s−1
in the red part of the spectra.
The S7 sample is a representative sample of nearby Seyfert galaxies, includ-
ing LINERs and a number of H II galaxies, with an intentional bias toward radio-
detected sources. Targets are selected from the “catalogue of quasars and active nu-
clei” [14]. The sources are typically chosen to have a declination of DEC<+10 deg
and to lie outside the Galactic plane by more than ∼ 20 deg. In order to guaran-
tee a sufficient physical spatial resolution, the targets are limited to nearby sources
(z < 0.02). For the S7 seeing conditions of ∼ 1.5−1.8 arcsec, this limit implies spa-
tial resolutions of ∼ 100−700 pc. Those sources that have available radio data from
the NRAO VLA Sky Survey (i.e. targets at DEC >−41 deg) are typically required
to have a minimum flux of 20 mJy at 1.4 GHz.
The observations are carried out in a snapshot mode using the Wide Field Spec-
trograph (WiFeS) operated at the ANU 2.3 m telescope at Siding Spring in Aus-
tralia [6]. WiFeS is an optical integral field spectrograph in image-slicer design with
a field-of-view of 25× 38 arcsec2. The field-of-view is defined by 25 slitlets of
1× 38 arcsec2 size, for which the slit width has been adjusted to match the typical
seeing conditions of > 1 arcsec at Siding Spring. WiFeS is operated simultaneously
in a blue and a red arm so that a wide wavelength coverage is achieved. For S7, the
RS = 3000 and RS = 7000 gratings are used in the blue and red arm, respectively,
which results in a continuous wavelength coverage between ∼ 3400 − 7100 A˚.
The data are reduced using standard procedures provided by the python-based
WiFeS reduction pipeline PyWiFeS [4]. The reduction process yields calibrated sky-
subtracted data cubes sampled on a 1× 1 arcsec2 pixel scale. For further details on
the observations and data reduction for the first published data set of 64 galaxies,
the reader is referred to the main survey paper [9]. Interferometric follow-up obser-
vations of S7 sources at radio frequencies using the Australia Telescope Compact
Array (ATCA) and the Giant Metrewave Radio Telescope (GMRT) in India are in
progress.
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2 Overview of S7 results
S7 is primarily designed to (i) study the AGN NLR and the mixing between pho-
toionisation from the AGN and from star formation, (ii) analyse the spectral energy
distribution of the AGN ionising continuum via detailed photoionisation models for
individual sources, and (iii) derive constraints on the nature of the nuclear LINER
phenomenon. Furthermore, the bias toward radio-detected sources has been intro-
duced to add a special focus on the interaction between radio jets and the NLR gas.
In this section, we provide a brief overview over the main science results from the
S7 survey so far. These include the first sample paper on 64 S7 sources [9] and two
case studies of S7 galaxies [7, 10], which showcase the above-mentioned science
cases.
Three-colour [O III]-Hα-[N II] images and nuclear spectral properties for the
first 64 S7 sources are compiled in [9]. This information can be used as a reference
for source selection from S7 galaxies. A basic assessment of the occurrence of star
forming rings and the relative orientation of ionisation cones is presented as well as
a preliminary discussion of the nature of coronal emission lines.
The detailed analysis of the Seyfert 2 galaxy NGC 5427, discussed in [7], shows
an example of S7-based photoionisation models for the NLR. Such models depend
on the gas chemical abundance, the ionisation parameter, and the shape of the AGN
ionising continuum. In [7], the NLR abundance is inferred from the chemical abun-
dance measured for H II regions, resulting in improved constraints on the NLR
model. The NLR model for NGC 5427 is used to derive limits for the shape of the
AGN ionising continuum and to analyse the mixing between extended NLR emis-
sion and background H II regions.
The nature of nuclear LINER emission is addressed in a case study of the LINER
NGC 1052 [10]. The optical-to-UV emission lines in NGC 1052 are interpreted
in a double-shock scenario, in which gas already shocked in an accretion flow is
subsequently affected by a cocoon shock driven by the radio jet. This scenario is
supported by the WiFeS data for the stellar and Hα line-of-sight velocities and
velocity dispersions in the inner 20× 20 arcsec2, suggesting two gas bubbles along
the minor axis of the galaxy which are separated by a region of broad line widths.
3 Extended NLR of NGC 6300
NGC 6300 (z = 0.0037, [11]) is a ringed barred spiral galaxy hosting a Seyfert
2 nucleus [2, 13, 3]. The nuclear radio structure at 8.6 GHz has been reported to
be slightly resolved, extending over 3.5 arcsec [12]. Fabry-Perot observations of
the large-scale Hα velocity field show a blueshift of the nuclear Hα emission of
100 km s−1 with respect to the systemic velocity [3]. Recent high-spatial-resolution
data for the H2 1-0 S(1) line in the central ∼ 4× 4 arcsec2 (∼ 320× 320 pc2) show
evidence of a nuclear biconical outflow in approximately north-south direction with
blueshifted velocities to the north and redshifted velocities to the south [5].
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The WiFeS data for NGC 6300 include six fields covering the nucleus, bar, and
parts of the ring (Fig. 1). The data reduction, fitting and subtraction of the stellar
continuum, and the assignment of the World Coordinate System (WCS) is based on
similar methods as described in [7]. The resulting six cubes were resampled into a
single cube slice by slice based on the WCS solution using the software Swarp [1]
with a bilinear interpolation to (binned) output pixels of 2× 2 arcsec2.
In Fig. 1, we present the first results from an analysis of Hα and [N II] λ 6548
and λ 6583, the strongest lines in the WiFeS spectra for the extended circum-nuclear
gas in NGC 6300. The three lines were fitted simultaneously using a superposition
of single Gaussian profiles per line forced to share the same kinematics. The gas and
stellar line-of-sight velocities in the nucleus differ by about∼ 100 km s−1 (upper left
panel of Fig.1), in agreement with the Hα blueshift reported by [3]. Up to distances
of ∼ 20 arcsec (∼ 1.6 kpc) from the nucleus, the lines are found to have broad
profiles (∼ 60− 90 km s−1, compared to ∼ 20− 30 km s−1 in the H II regions in
the ring) and enhanced [N II]/Hα ratios (∼ 0.2, compared to log([N II]/Hα)< 0 in
the H II regions), (upper right and lower left panels of Fig.1). The spectra for the
lines east of the nucleus, which appear particularly broad in the single-Gaussian fits,
show indications of double peaks that suggest more complex kinematics. The region
of enhanced [N II]/Hα ratios indicates ionisation by the AGN continuum, shocks,
or a mixture of both, on spatially extended scales around the active nucleus. The
correlation of the line ratios with line width suggests that shocks are likely to play
an important role in this region. Shocks could be associated with the nuclear outflow
reported in [5], a radio jet, or with bar-driven perturbations.
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Fig. 1 Kinematic and line ratio maps for NGC 6300 derived from the Gaussian fits to [N II] λ 6548,
Hα , and [N II] λ 6583. Upper left panel: Difference between the emission-line and stellar line-of-
sight velocities; Upper right panel: Intrinsic velocity dispersion of the emission lines; Lower left
panel: [N II]λ 6583/Hα ratios; Lower right panel: Overlay of the WiFeS field-of-view on a Hubble
Space Telescope WFPC2 image in the F450W filter, taken from the Hubble Legacy Archive. A
Digitized Sky Survey (DSS) image of NGC 6300 is overlaid on the WiFeS maps as grey contours.
The maps have been clipped using a 3σ -limit for the line fluxes and a minimum line velocity
dispersion of 10 km s−1. In addition, a number of foreground stars (visible in the DSS contours)
have been masked out.
